Background The Musculoskeletal Tumor Society (MSTS) rating scale is an English-language instrument used worldwide to assess functional evaluation of patients with musculoskeletal cancer. Despite its use in several studies in English-speaking countries, its validity for assessing patients in other languages is unknown. The translation and validation of widely used scales can facilitate the comparison across international patient samples. Objectives/purposes The objectives of this study were (1) to translate and culturally adapt the MSTS rating scale for functional evaluation in patients with lower extremity bone sarcomas to Brazilian Portuguese; (2) analyze its factor structure; and (3) test the reliability and (4) validity of this instrument.
Introduction
With advances in chemotherapy and surgical techniques for treating musculoskeletal cancer, much of the focus on treatment has now shifted to the improvement of postsurgical functional evaluation in patients with lower extremity sarcoma. These patients experience significant physical disability as a consequence of their disease and treatment [17] . However, given the relatively low prevalence of these tumors, it is rare that individual institutions or even entire countries can achieve the required samples sizes to adequately evaluate treatment efficacy. Thus, there is a need to use brief, standardized, and psychometrically robust health status questionnaires for this purpose [3] . Unfortunately, most scales evaluating disability have not been crossculturally validated to allow for multinational prospective studies. To assess comparability of results, researchers need to know the comparability of the content of the questionnaires used in different countries [1] .
Two of the most used scales developed to assess function in patients with lower limb sarcoma are the Toronto Extremity Salvage Score (TESS) and the Musculoskeletal Tumor Society Rating Scale (MSTS rating scale). The TESS is a self-reported evaluation system developed for patients undergoing limb preservation surgery for tumors of the extremities. It has been validated and crossculturally adapted to Brazilian Portuguese [19] . However, the MSTS rating scale is a two-part, six-item questionnaire completed by a clinician. It is based on an analysis of characteristics pertinent to the patient as a whole and of those specific to the affected lower limb. It is widely used in Englishspeaking countries [11, 12, 20] , but its use in other non-English-speaking countries is limited by the lack of translated versions. Moreover, there is a lack of evidence supporting the use of this tool in that it has never been properly validated [22] . Because approximately 180 million people live in Brazil, crosscultural adaptation of the MSTS into Brazilian Portuguese will allow researchers to assess clinical outcomes in this population and compare results with English-speaking populations [23] .
It is now widely recognized that instruments intended for use across cultures must not only be translated well linguistically, but also adapted culturally to maintain their content validity across different cultures [3] . Therefore, our purposes with this study were (1) to translate and culturally adapt the MSTS rating scale for functional evaluation in patients with lower extremity bone sarcomas to Brazilian Portuguese; (2) verify if the items from the MSTS are all statistically referring to the same latent factor structure (functional evaluation) as hypothesized in the original version; and (3) test the reliability (4) and validity of the Brazilian MSTS version.
Materials and Methods

Musculoskeletal Tumor Society Rating Scale
The original MSTS rating scale was originally described by Enneking et al. in 1987 and modified in 1993 [8] . It is completed by a clinician and is based on six factors. Three of them are pertinent to patients as a whole such as pain, functional activities, and emotional acceptance and three factors are specific for either the upper limb (positioning of the hand, manual dexterity, and lifting ability) or the lower limb (use of external supports. walking ability, and gait). Each item is rated in a scale of 0 to 5 (0 = bad function and 5 = normal function) with a maximum score of 30. The final score is usually converted to a percentage transforming the results to a range of 0 to 100.
Crosscultural Adaptation
We obtained ethic approval from the hospital ethics committee and translated the English version of the MSTS rating scale for lower limbs into Brazilian Portuguese following internationally accepted guidelines described by Beaton et al. [4] . Two bilingual translators (AMB, RMB) whose mother language was Brazilian Portuguese carried out the MSTS rating scale forward translation. One translator was an orthopaedic surgeon and the other one a ''naïve'' translator who was not aware of the outcome measure. The first translated version was obtained by consensus between the translators. Two bilingual translators, whose mother language was English and who were blinded to the original version of MSTS rating scale, carried out back translation to English (PW, AB). None of the translators were aware or informed about the concepts of the MSTS rating scale. Finally, both of the forward-translated and back-translated versions of MSTS rating scale were submitted to a committee consisting of all individuals involved in the translation process. Both versions were analyzed and compared with the original version and a prefinal version was obtained by mutual consensus. Translation of the MSTS questionnaire was successfully completed without major discrepancies that could not be resolved through consensus. Backward translation resulted in no major semantic or language disagreement.
We presented the preliminary version of the MSTS-Brazilian Portuguese (MSTS-BR) to a group of 10 patients, who met our inclusion criteria, for qualitative evaluation. Patients were eligible for inclusion if they were older than 12 years of age, fluent in Portuguese, and underwent limb salvage surgery or amputation for primary sarcoma of the lower limb for at least 6 months before the interview. Subjects were excluded if they were unable to read in Portuguese or had a second orthopaedic condition. Each item was read aloud to the patients and they were asked about their understanding of the meaning of the item. Responses were recorded by the interviewer and were analyzed immediately after each interview. On the basis of this analysis, modifications were made to the questionnaire as necessary, leading to the final version of the Brazilian Portuguese questionnaire, which was subsequently reviewed and approved by the expert committee. No difficulties encountered by the respondents were noted in the pilot study.
Test of Final Version
The final translated version of the MSTS-BR was administered to 67 patients treated for malignant lower extremity bone tumors who were submitted to limb salvage surgery or amputation in a Brazilian sarcoma center ( Table 1 ). The mean age of the sample was 30 years (SD = 13.3) and the mean period from surgery to assessment was 5 years (SD = 4.7; 0.5, 22). Twenty-two patients (33%) were never able to return to work after surgery. They were also evaluated with the Brazilian version of TESS. The patients were evaluated during two sessions comprising three consecutive interviews with MSTS-BR. During the first session, the patients were interviewed twice, once by two different interviewers (AC, RT), to assess interobserver reliability. Test-restest reliability was assessed by repeating the MSTS-BR interview in a second session at least 1 week after the first interview ( Table 2) .
Psychometric Analysis
Psychometric properties of the MSTS-BR were evaluated in three steps: (1) latent factor structure: factor analysis that was used to verify the coherence of the six items in the test, assessing if they were all referring to the same concept they are supposed to evaluate (lower limb function). Initially we tested for the feasibility investigating the percentage of missing values [15] . No missing data or outliers were observed in this study.
Exploratory and confirmatory factor analysis [9] was used to determine the number and nature of the latent factors describing the relations between the items of the MSTS-BR. The first step (exploratory factor analysis) was to define the number of latent factors to better explain the relations among the items of the instrument. Criteria adopted to define the appropriate number of factors to retain were analyzed by the scree test, eigenvalues, root mean square SEs, cumulative variance explained by the factor structure, and factor interpretability. These criteria are based on the variance of the items of a test. The second step was to extract the extent to which the item helps to explain (factor loading) the latent factors. This is performed by the rotation technique, which is used to clarify which variables load into each latent factor, forcing the items to be defined by the simplest factor solution. Rotation was performed through the oblique method that understands that the items in the instrument are correlated. Specifically we applied the rotation method called promax, which extracts the factor loadings considering their independency but also checking for correlation interferences.
Thus, as the third step, the MSTS-BR latent factor structure model was tested (confirmatory factor analysis) through the chi-square test in relation to the null hypothesis model. Through this analysis we were able to obtain the model fit indices indicating the extent to which the MSTS-BR's factor structure can be trusted. The indicators were root mean square error of approximation (RMSEA) (values inferior to 0.05 are considered an adequate fit); comparative fit index (values superior to 0.95 are accepted as a good fit); goodness-of-fit index and adjusted goodness-offit index (values superior to 0.90 are interpreted as acceptable fit); and Tucker-Lewis Index (acceptable fit with values superior to 0.97) [13] .
2) Reliability: to assess if the items in the instrument provide trustworthy values, we investigated the internal consistency, test-retest reliability, and interobserver agreement. Internal consistency of the scale was evaluated using Cronbach's alpha coefficient in the first MSTS-BR interview. Alpha value greater than 0.70 was considered acceptable [5] . Test-retest reliability was examined in a sample of patients with two consecutive interviews with the MSTS-BR in a period of 1 to 12 weeks between them (n = 21 [31.3%]). Interobserver reliability was analyzed after an interview with a second interviewer at the same day of the first interview (n = 40 [59%]). Intraclass correlation coefficients (ICCs) were used to analyze the reliability of the test-retest and interobserver reliability. ICC values greater than 0.8 are considered good and ICC values greater than 0.9 are considered excellent [7] .
3) Validity: discriminant validity for the MSTS-BR was determined using the known-groups method [10] . This preliminary validity testing focused on discriminating between defined groups where we expected differences in physical function to be present. Based on clinical judgment and the literature, our hypotheses were (1) that participants using continuous pain medication would have lower function scores than patients who did not use pain medication; and (2) participants using a walking aid would have lower functional scores than those who did not use an aid. Thus, we also correlated with the Brazilian version of the TESS to evaluate if the MSTS-BR's scores would behave in the same direction as the TESS, understanding that they evaluate similar concepts. Pearson's correlation coefficient was obtained by way of the correlative analysis between MSTS-BR and TESS in Brazilian Portuguese [2] .
To test our hypotheses regarding the MSTS score, data were analyzed statistically by analysis of variance at the 5% significance level. Data obtained from the first assessment were used for calculating descriptive statistics. There were no missing data because each questionnaire was assessed for completion right after subjects completed their evaluation. Statistical analyses were performed with the use of SPSS 12.0 for Windows [21] , R language software for graphical solutions [18] , and Mplus 6.11 [16] .
Results
The Brazilian version of the MSTS rating scale for lower limbs was translated and found to be easy to use and culturally appropriate. There were no missing data in any of the MSTS-BR scores. Regarding the TESS questionnaire, seven patients (10%) did not answer one or more questions ( Table 2) .
The latent factor structure of the MSTS-BR was proved to be consistent with the original hypothesis of evaluating lower limb function. We observed that the instrument composed by all six items is able to evaluate one latent factor (eg, lower limb function). Scree plot evaluation showed a curve located at the second point, which indicates the possibility of two latent factors; however, there was only one eigenvalue higher than one pointing toward only one factor solution ( Fig. 1A) . Residuals, factor loadings, and communalities assured the adequacy of the one latent factor model. All items showed factor loadings higher than 0.40 that is the cut of point suggested in the literature. The amount of variance explained by both models was similar (51% and 53%) (Fig. 1B) .
The latent factor structure developed earlier showed good indicators of adequacy indicating that the model was reliable and trustworthy. All fit statistics results showed high model adequacy (being superior to 0.90) and a RMSEA lower than 0.05 (0.027). All the items from the MSTS-BR showed significant paths (arrows in Fig. 1C ) toward the latent factor with weights varying from 0.4 to 0.8, indicating that the latent variables (lower limb function) predict adequately the variations in the observed variables (MSTS' items).
The Brazilian version of the MSTS rating scale was found to be reliable to the lower limb sarcoma sample of patients who speak Brazilian Portuguese. Internal consistency was good for the entire sample with a Cronbach's alpha of 0.84. Test-retest reliability was confirmed with an ICC value of 0.92 (n = 21) (95% confidence interval [CI], 0.82-0.97) indicating that there was small temporal variance in the subject's answers. The interobserver reliability was confirmed with an ICC test value of 0.98 (n = 40) (95% CI, 0.95-0.99). There were no significant floor or ceiling effects on scale total scores ( Table 2) .
The Brazilian version of the MSTS rating scale was found to be valid in a population that speaks Brazilian Portuguese. MSTS scores correlated moderatly and positively with TESS (r = 0.632; 95% CI, 0.462-0.758; p \ 0.001) following the theoretical hypothesis. Furthermore, MSTS-BR showed good discriminant validity, proving to be able to discriminate lower limb function among patients with different walking aids patterns (inferior scores to patients with more walking aid need) ( Fig. 2 ) and use of medication (inferior score to patients with use of pain medication) (Fig. 3) . These results prove the ability of the MSTS-BR to evaluate the concept (lower limb function) it is supposed to measure. 
Discussion
Disability scales have become important and complementary to traditional outcomes measures such as survival or physical assessment in musculoskeletal cancer evaluation. The need for multiple-language versions of existing validated questionnaires plays an important role in standardizing the outcome assessment and increasing the statistical power of clinical studies. The MSTS rating scale was published in 1987 and modified in 1993 and has been universally accepted and used for functional evaluation of patients with sarcomas of the upper and lower limbs. Many researchers have adopted this scale to evaluate functional outcomes in their clinical studies; however, it was never translated to Portuguese and it was unclear if this tool could evaluate health status outcomes and its psychometric properties [14, 24] . In this article we have reported on the translation, psychometric testing, and norming of the MSTS rating scale for lower limbs for use among the Portuguese-speaking population of Brazil. Using a universally accepted protocol, translation of the MSTS rating scale into Brazilian Portuguese proved to be relatively straightforward. We examined the MSTS rating scale factor structure and our results support the initial feasibility, reliability, and validity of the Brazilian Portuguese version of the MSTS rating scale for lower limbs. To the best of our knowledge, the current study is the first to test the factor structure of the MSTS rating scale for lower limbs and its reliability properties.
Our study has limitations. One of the major limitations of the present study is the lack of data to evaluate the measures of responsiveness and assess the tool sensitivity to longitudinal change over time. The sample studied is restricted to those with bone sarcomas of the lower limbs, which may limit the generalizability of our findings to other populations. We did not study the MSTS rating scale for upper limbs as a result of the smaller number of sarcoma cases in this location and lack of validation of the TESS for upper limbs to Brazilian Portuguese that would require another methodology. Illiterate patients and children younger than 12 years were not evaluated. Future studies using a more heterogeneous group of patients might be needed. Finally, relatively few patients were included in the second interview with the MSTS.
In this study, we presented the crosscultural adaption of the MSTS rating scale for lower limbs to Brazilian Portuguese language. The translation and back translation resulted in minimal discrepancies that were resolved by consensus. There were few differences in the cultural adaptation of this instrument, because all activities described by the original questionnaire are similarly present in the Brazilian culture. There were no translation issues and the absence of missing data reflects the good acceptance of the MSTS-BR. This resulted in a translation of the MSTS rating scale that reflected both semantic and conceptual equivalence to the original English version of the questionnaire.
Although the original MSTS rating scale for lower limbs includes three factors relevant to patients as a whole and three factors specific for lower limbs, its factor structure has not been previously tested. In the exploratory factor analysis, we examined three competing models, and the one-factor solution resulted in the best fit model in the exploratory and confirmatory factor analysis. The present findings provide strong and consistent evidence that the covariance among the six items of the MSTS rating scale are best explained by a single underlying construct, which was termed lower limb function. To our knowledge, no one has previously investigated the factor structure of the MSTS rating scale for lower limbs. However, the present findings need to be replicated in other independent studies.
Scale reliability indices of the MSTS-BR were consistently high and floor and ceiling effects were satisfactory [6] . Our analysis indicates that internal consistency of MSTS-BR was adequate (0.84). This result is similar with that found by Davis et al. [6] (0.91) in a study with 83 patients with lower extremity sarcoma in which the TESS was developed for use in patients with bone and soft tissue sarcoma. Additionally, Lee et al. [14] reported Cronbach's alpha of 0.88 in a study with 49 patients with musculoskeletal tumors. In summary, the present findings suggest that the MSTS-BR is an internally stable instrument, and these results are consistent with the results of other studies. The original study of Enneking et al. [8] did not evaluate the reliability of the MSTS rating scale for lower limbs. Davis et al. [6] reported that the MSTS rating scale had minimal floor effects (2%) but ceiling effects of 33% and showed good feasibility of this tool, which was completed in 5 minutes. They did not study the test and retest reliability of the MSTS rating scale. Our results were consistent with that seen in the validation study of the TESS.
Discriminant validity of MSTS-BR was made through the known group validation method. The results from the analysis of variance test showed that the MSTS scale distinguished between patients who used pain medication versus patients who did not use pain medication (p \ 0.001). It also distinguished among subjects who used two crutches, one crutch, and who do not need walking aids (p \ 0.001). Although it is likely that a health status instrument capable of distinguishing between groups at a given point in time will also be responsive to group changes in health over time, this is something that needs to be confirmed by other studies. Another method that we used to establish construct validity of the MSTS-BR was comparing it with the Brazilian version of TESS. The correlation was moderate (r = 0.632) as we expected. This may be seen because the TESS score is focused to evaluate physical disability based on patients' reports of their function and the MSTS score evaluates physical impairment based on clinical report. This result is similar that found by Davis et al. [6] who compared both scales in patients with soft tissue sarcomas of the thigh and found a mild correlation between them (r = 0.48).
We found our translated, culturally adapted, Brazilian Portuguese version of the MSTS rating system questionnaire for the lower limb to be a culturally appropriate, reliable, and valid instrument for functional assessment of Brazilian patients with bone sarcoma of the lower limbs.
